The presence of lipids in the basement membrane of the mouse kidney tubules was examined by histochemical staining with malachite green. Pieces of mouse kidney cortex were immersed in a fuative containing 3% glutaraldehyde and 0.1% malachite green in 0.067 M sodium cacodylate buffer, pH 6.8, for 18 hr at 4°C. Control tissue was fued in the same way except that no malachite green was added to the fuative. The tissue pieces were ayoprotected, frozen in Freon 22, and subjected to freeze-substitution in dry acetone containing 1% @Or. Thin sections of Epon-embedded specimens were observed by electron microscopy at fmt without uranyl-lead counterstaining. The basement membrane of
Introduction
The presence of lipids and related substances in the basement membrane has been studied histochemically and biochemically. Biochemical studies have shown that lipids are associated with the basement membrane. Lipids, 4.3% of dry weight and predominantly phospholipids, were extracted from bovine glomerular basement membrane (Kibel et al., 1976) . These authors concluded that lipids are intrinsic components of or are intimately associated with the glomerular basement membrane. In rat glomerular basement membrane, phospholipids were reported to be a consistent component (Fung and Kalant, 1972) , and lipid P was found to be 2.66 pglmg of normal glomerular basement membrane, whereas it was decreased to 0.97 pglmg under a pathological condition, i.e., antiserum nephrosis. These studies showed that lipids are integral components of the basement membrane, and they were presumed to be pres- mouse kidney tubules was positively stained in a pattern composed of an irregular assembly of 5-8-nm wide strands. The nature of these malachite green-positive strands was further examined by counterstaining thin sections with uranyl-lead, and they were identified as 4.5-5-nm wide ribbon-like "double t " ' previously characterized as the form taken by heparan sulfate proteoglycan in basement membranes. It is concluded that lipids are present in the basement membrane of mouse kidney tubules in association with heparan sulfate ent in association with a glycoprotein moiety of the basement membrane (Fung and Kalant, 1972) . Thus, biochemical studies demonstrated the presence of lipid-related substances in the basement membrane, but its detailed association with the component of the basement membrane has not yet been clarified.
Histochemical localization of lipids in various tissues has been done by staining with various reagents such as Sudan black (Berenbaum, 1958), )-phenylenediamine (Boshier et al., 1984) , or malachite green (Teichman et al., 1974) . With Sudan black B it was possible to stain bound lipids in various tissues and structures, including basement membranes (Berenbaum, 1954) . The basement membranes of the glomerulus stained with the acetone-Sudan black method showed intense coloration, and it was concluded that lipids, which can be removed by prolonged exposure to chloroform-methanol, were invariably associated with basement membranes (Berenbaum, 1958) .
Malachite green (diaminotriphenylmethane) is a basic dye that has an affinity for lipids and lipid-related substances, including fatty acids, fatty aldehydes, phospholipids, glycolipids, and cholesterol (Teichman et al., 1974) . Fixation of tissues in the presence of malachite green followed by post-osmication retains lipid-related materials, which are usually lost after preparation of tissues by rou- tine methods, and also stains them as electron-dense structures. Such electron-dense structures are believed to result from the formation of a stable complex of lipids-malachite green-Os04 (Goldberg and Septier. 1985; Poucho et al.. 1978; Teichman et al., 1972 Teichman et al., ,1974 . Lipids stained by this method are likely to be phospholipids (Boshier et al., 1984; Teichman et al., 1974) .
This method was applied at the electron microscopic level for detection of lipids in the rabbit spermatozoa (Teichman et al., 1972 (Teichman et al., ,1974 , developing rat tooth (Goldberg et al., 1988; Goldberg and Escaig, 1987; Goldberg and Septier, 1985) . and in a variety of other tissues (Poucho et al., 1978) . With this method the basement membrane of the developing rat incisor was shown to contain lipids (Goldberg et al., 1988) , although the precise nature of the association, such as the nature of the component of the basement membrane with which the dye associated, was not known.
In this study, as in the case of the dental basement membrane, 
Materials and Methods
Fixation of Tissues. Kidneys were isolated under anesthesia from male CS7BLI6 mice weighing 19-20 g. They were immediately immersed in the same fixative as that described by Goldberg et al. (1988) , containing 3% glutaraldehyde and 0.1% malachite green (Sigma: St Louis, MO) in 0.067 M sodium cacodylate buffer, pH 6.8, for 30 min at room temperature (RT). The cortex was excised and cut into I-mm3 pieces, which were further fixed in the same fresh fixative for 18 hr at 4°C. The control specimen was fixed in the same way except with a fixative from which malachite green was omitted. All specimens were then washed with 0.1 M sodium cacodylate buffer, pH 7.4, for 2 hr.
Freeze-substitution. Tissue pieces fixed as above were first cryoprotected by immersing into 30% glycerol in Ringer's solution for 2 hr, then frozen in liquid Freon 22 and kept in liquid nitrogen. They were transferred into absolute acetone containing 1% os04 and 0.05% uranyl acetate which were pre-cooled to -8O'C. The temperature of the substitution medium was raised stepwise: 24 hr at -8O'C. 16 hr at -6OT. 8 hr at -4O'C. and 16-24 hr at -2O'C. Finally, it was brought to RT for 2 hr and the tissue pieces were washed for 30 min with several changes of fresh absolute acetone before embedding in Epon. Thin sections were observed in a JEOL JEM 2OOOFX electron microscope with or without counterstaining with uranyl acetate and lead citrate. Magnification was calibrated with a grating replica and a catalase crystal standard. Size was measured on prints by use of a hand magnifier equipped with a 0.1-mm scale.
Results
In specimens fixed in t h e presence of malachite green and observed without section counterstaining, t h e area of the basement m e mbrane a t t h e base of t h e epithelium of a proximal convoluted tubule was occupied by moderately stained floccular material (Figure 1, BM) . A similar structure was also present in the cytoplasm of epithelial cells with membranes that were more darkly stained.
In control specimens fixed without malachite green a n d observed without counterstaining, the basement membrane space appeared empty and did not show any recognizable structures (Figure 2, BM) .
Both experimental a n d control tissues are shown a t higher mag-nification in Figures 3 and 4 , respectively. The malachite greenpositive floccular material seen in Figure 1 was now resolved into an irregular assembly of 5-8-nm wide strands (Figure 3 , thin arrow). The control specimen did not show any structures at the corresponding space (Figure 4, BM) .
These malachite green-stained strands in the basement membrane of the kidney tubules were further observed after thin sections were counterstained with uranyl acetate and lead citrate (Figures 5a and 5 b) . At low magnification they were seen as densely stained strands with a relatively uniform thickness of -5 nm (Figure >a, arrows) . At high magnification they were resolved as 4.5-6 nm wide, ribbon-like double-tracked structures (Figure 5b , paired arrows). Apparently they are "double tracks" as previously characterized in detail and found to be the form taken by heparan sulfate proteoglycan (HSPG) in basement membranes (Inoue et al., 1989) . In the control specimen after section counterstaining, the basement membrane appeared to be made up of a uniformly stained cord network (Inoue et al., 1988) (Figure ba) , and no specific preferentially stained structures were present. In the control specimen at high magnification, double tracks were not preferentially stained (Figure 6b , paired arrows) and were "buried' within the rest of the structure.
Discussion
By the malachite green-aldehyde technique, lipids were previously identified in the basement membrane of developing rat incisor (Goldberg et al., 1988) . Lipids were detected as groups of tiny dots, and it was suggested that they may be co-distributed with basement membrane components, including proteoglycans.
In this study, after addition of malachite green to the fixative, the basement membranes of mouse kidney tubules were positively stained. The staining took form of a loose assemblage of 5-8-nm thick strands. This result is in contrast to that of Goldberg et al. (1988) obtained on the dental basement membrane of developing rat incisor. These authors observed that the stained structures were composed of 2-3.5-nm wide dots and thin filaments often grouped in the lamina densa, in the lamina lucida, and also along anchoring fibers in the lamina fibroreticularis.
In the present study, a further attempt was made to characterize the malachite green-stained strands in mouse kidney tubules. Thin sections of stained basement membranes were counterstained with uranyl acetate and lead citrate with the hope of visualizing the strands in greater detail and identlfying them. As shown in Figure Sb, such malachite green-positive strands are clearly seen after counterstaining as 4.5-5-nm wide double tracks. In the counterstained control sections, double tracks were not preferentially contrasted (Figure 6b ).
Double tracks are 4.5-5-nm wide ribbon-like structures and are the form taken by HSPG in basement membranes (Inoue et al., 1989) . It is not clear at present whether the malachite green-stained 7-10-nm wide ribbon-like stmcrures observed by Goldberg and Septier (1985) in the predentin of rat incisor are the same structures as the HSPG double tracks. From the results of the above observations, it is likely that the HSPG double tracks in the kidney tubule basement membrane are associated with lipids or lipid-related components.
A covalent association of the fatty acids myristate and palmitate with HSPG was reported in colon carcinoma cells . Furthermore, glycosaminoglycans of the glomerular basement membrane are known to bind to lipids (Wu et al., 1985) . and transferrin receptors, which may be identical or closely similar to the HSPG core protein (Fransson et al., 1984) and are composed of a disulfide-bonded dimer of two identical subunits of MI 95,000 uing and Trowbridge, 1987) , are known to be covalently associated with palmitate (Omary and Trowbridge, 1981) .
From the results of the present study and those reported from other laboratories, it is concluded that HSPG, in the form of double tracks in the basement membrane of mouse kidney tubules, is associated with lipids or fatty acids. However, the precise nature of the malachite green-stained materials and the manner in which they are associated with the double tracks are not clear at present and are the subjects of further studies,
The role of the lipids found in this study to be associated with HSPG double tracks is also not clear. A basement membrane reconstituted after the recombination of trypsin-dissociated enamel organs and dental papillae in the presence of cerulenin, an inhibitor of fatty acid synthesis, was reported to be defective, with intermittent gaps and an expanded lamina densa composed of a "fluffy" material (Goldberg et al., 1990) . HSPG is well known for its role in maintaining the integrity of basement membranes (Fujiwara et al., 1984; Hassell et al., 1985) . A placental basement membrane devoid of HSPG was reported to be irregular and discontinuous (Laurie, 1985) .
Based on the observation of the production of a defective basement membrane as a result of inhibition of fatty acid synthesis (Goldberg et al., 1990) , together with the above-mentioned role of HSPG in basement membranes, it is possible that the intimate association of lipids with HSPG double tracks is essential for the HSPG to be fully functional as a mediator in the maintenance of basement membrane integrity. Alternatively, lipids may be necessary to the formation of the double tracks. The second possibility, however, is not very likely, because it was possible to reconstitute double-tracked structures in vitro from a preparation of HSPG (Inoue et al., 1989) unless residual lipids remained in the preparation since there is a possibility for HSPG to be co-purified with lipids .
